To determine and characterize the initial background concentrations of heavy metals, a total of 50 sediment samples were collected from the largest lake at the International Crops Research Institute for the Semi-arid Tropics (ICRISAT) in Patancheru, India. The finely ground sediment samples were digested using a microwave-assisted digestion method and analyzed for 15 heavy metals using inductively coupled plasma-optical emission spectrometry (ICP-OES). The results showed that the concentrations of the heavy metals varied greatly with metal and sediment sample, but in general the concentrations were low. Our results suggest that the sediments from this lake (15 ha in area) at the ICRISAT center do not appear contaminated with the heavy metals evaluated, and they indeed reflect normal background concentrations of these metals released through the natural process of weathering.
Introduction
The pollution of natural resources, especially soil and water resources and food systems, with chemicals, especially heavy and trace metals, is becoming of increasing concern as a potential hazard to human and animal health and overall degradation of environmental quality (Tiller 1988; Adriano 2001; Chaney 2012) . Among the various pollutants, the contamination of soil and water resources with heavy and trace metals has received a lot of attention because of their potential toxicity to humans and animals through the food and feed chains, respectively (Adriano 2001; Debeka and McKenzie 1995; Chaney 2012) .
There are several sources of heavy-metal accumulation in soil and water resources; among them the prominent ones are the mineral and organic fertilizers used to supply plant nutrients in agricultural production systems (Mortvedt 1996; Chaney 2012) , added through the natural process of weathering of the parent material (termed natural background concentration of these metals) on which soil is developed (Adriano 2001; Arao et al. 2009 ), through the use of industrial and domestic wastewater for irrigation in agriculture, and through the use of soils as the dumping and disposal ground for various diverse wastes (Abdu et al. 2011; Kumar and Chopra 2012; Sehgal et al. 2012; Selim 2013) .
The role of runoff water and soil erosion, especially during heavy downpour and flood irrigation, is of critical importance because such events not only result in the loss of nutrient-rich surface soil from the fertile land, but the chemical-laden sediments that accumulate offsite in water bodies such as tanks, rivers, and lakes serve as the source of the contamination of water resources with pollutants including heavy and trace metals (Sahrawat et al. 2010) . Diverse physical, chemical, and biological soil characteristics and interactions among them influence the retention and transport of heavy and trace metals in the soil-water systems; among these soil texture, pH, organic matter, cation exchange capacity, water regime, and redox potential are important (Ashworth and Alloway 2008; Arao et al. 2009; Selim 2013) .
The importance of siltation of the water bodies including tanks and lakes cannot be overemphasized in the light of the role sediments play in the offsite contamination of water resources. The main objective of this study therefore was to obtain initial results on the background concentrations of 15 heavy metals in the sediments deposited in the largest lake at the ICRISAT center in Patancheru, India. Such results are needed as the first step to monitor and assess the contamination of the lake with heavy and trace metals in the future.
Materials and methods
After the rainy season of 2012, a total of 50 sediment samples were collected from the largest lake at the International Crops Research Institute for the Semi-arid Tropics (ICRISAT) in Patancheru (latitude 17°30' 35.3'' N and longitude 78°15' 53.4 '' E), Telangana, India. Patancheru is 545 m above the mean sea level and receives about 900 mm rainfall (mainly during June through September); and the site falls in the semi-arid climate, with annual mean temperatures ranging from 13°C (minimum) and 39°C (maximum).
The lake covers an area of about 15 ha. The sediment samples were collected during May 2012 (dry season). A total of 50 sediment samples were collected from the surface (0-15 cm) soil using a shovel. To represent the sampling point, four or five samples were mixed to make one composite sample. The sediment sampling points are marked in Figure 1 (showing the lake sketch). Before use, the sediment samples were air dried in the shade and powdered using a wooden hammer to pass through a 0.25-mm sieve. For sediment analysis, pH was measured by a glass electrode using a sediment-to-water ratio of 1:2; electrical conductivity (EC) was measured using EC meter; and organic carbon (C) was determined using the Walkley-Black method (Nelson and Sommers 1996) .
Finely ground sediment samples were analyzed for 15 heavy metals, which included cadmium (Cd), arsenic (As), chromium (Cr), cobalt (Co), zinc (Zn), mercury (Hg), boron (B), copper (Cu), lead (Pb), molybdenum (Mo), nickel (Ni), iron (Fe), platinum (Pt), manganese (Mn), and tin (Sn).
A modified version of the Chen and Ma (2001) method as described by Shirisha et al. (2014) was used. The method is based on microwave-assisted digestion of the finely ground sediment samples. Briefly, 2-g sediment samples were weighed in polytetrafluoroethylene (PTFE) Teflon-coated digestion vessels. Twelve ml of freshly prepared aqua regia solution [consisting of 3:1 (v/v) ratio of concentrated hydrochloric acid (HCl)-nitric acid (HNO 3 )] was added to the samples, and the samples were then digested at 0.83 × 106 Pa (120 psi) in a microwave oven (Marsxpress CEM microwave CEM Corporation, Matthews, NC, USA) for 15 min at 160°C. Digested, cooled samples were filtered through Whatman no. 42 filter paper into 100-ml volumetric flasks, and the contents were diluted to 100 ml with distilled water. Blanks were included with the each set of samples digested in triplicate. The heavy metals in the digests were determined using an inductively coupled plasma-optical spectrometer (ICP-OES) (Prodigy, Teledyne Leeman, Hudson, NH, USA) as described by Shirisha et al. (2014) .
The results obtained were statistically analyzed. The results presented are the means of three replications (independent analysis) ± standard deviation (SD). Descriptive statistics of the concentrations of various metals in the sediments was also computed.
Results and discussion
The 50 sediment samples collected used in the study for heavy-metal contents had a range in pH, which ranged from 7.7 to 8.3, in EC, which ranged from 0.68 to 1.34 dS m −1
, and in organic C, which ranged from 3.9 to 9.5 g kg −1 . The results on the contents of 15 heavy metals in 50 sediment samples are summarized in Table 1 . The results given are the average of three replications ± standard deviation (SD). Descriptive statistics including range, mean, maximum, minimum, standard deviation (SD), standard error (SE), and coefficient of variation (CV) of the results on concentrations of heavy and trace metals in sediment samples is given in Table 2 .
As expected, the results varied with metal and the sediment sample ( −1 ) in the 50 sediment samples. The largest variability in the concentrations of metals was observed in the case of Cd (CV = 251.24%); and this was due to very low concentrations of the metal, which ranged from 0.00 to 0.10 mg kg -1 . The lowest CV was observed in the concentration of Fe (CV = 24.95%) as its concentration ranged from 3191.84 to 8541.88 mg kg -1 (Table 2 ). These results show that the concentration of the various heavy metals in the sediment samples analyzed was in the normal or lower range, and they seem below the threshold concentrations fixed for these metals. It may be concluded from these results that the concentrations of various heavy metals reported indeed reflect the normal background concentrations of these metals (Ander et al. 2013) . 
